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itw&Hf&ftt LmmmmzMvxmm 2 m<Dm&m& 
vhm^wizmvztxT&v. mmKmz&mizmmv 

&m£f&2m<Dm&m<Dot>c>-jj<Dm&m\zi£teisT 

t9IHS^aeHtt^b%Sr^^ <h Lfl9ES«fC*l LT 
mZ2m<Dm&m£9 s bm^m\zmV*>tLTi$K). mfE 

ttK»«te»WRtte>nT*&?\ iWE-*r©«ffiti4> 

ffll#«3j #tt&jr?&K£*l&2B©B 

OA £tt 2 )f ©^14)1 ©5 £©— £©ttt£JIK:«ftkl,T 

IW2 2«O«ttJBJ:0t>av»«fc«»t&nT*0. ItE 

-#©«&©»«&&# ft fc mKRMm&mtfimE u & 

[»#S4] »Et, #Bttjrc4Hi£i'i&2j|©tt 

ttji t« 2 m(Dm&m<D?*,<D~x<Dm&m\zmMisX 

MB2«©tttt»J:D%>av»fl^«MtSnT:l5 0» 1MB 

-2t©ag©S«S;iS§i#l6j iz MGMRm U & v» H 

£B£K 2 Jl©J6Bttlf ©5 *>©-#©B*ttJf teg® LT 

Htt©*«tt*JE#JHi*©*IB*ffiK*^Tt9E*Hil 
H. 

[«#B6] j»E-»©«it»|gt©IBK:Co*^' 

#« 2 ~ 5 ©urn* 1 9E«©«fttt«tsft«s^'y 

K. 

[m#*7] mwL±iz/svyTm. b&jb. mat 



2 v-y 



*B*©«Jijiiifta»-t*«»«*T*J:5»c»»t6 

*ifc-*r©m« m(E-*f©«StS«t©r B 1 
JC C o & &SS&14JIjW&j£S*IT^S 

[m&s 9 ] tfiEs^attB«N i - o^^mam 
Tab-s c £ ttzmim. 2 ~ 8 ©wrna» 1 sib 

imam 1 0 ] vm&mmt 2 memss.^—^ k«© 
m \zm *ntRtj snws - <t £it ® tr * m#s 2 
~ 9 ©urn** 1 «E«©««a*ass*a^y k. 

[s*^ 1 1 ] st*^ 1 0 cEtt©a$u&&i&&S's 

srHi, B«»Ktt&Sn&-»©«*Xtf:3-Ol'*fll 
[tt$8l2] BAEAifl:^ H*B2-10OH 

1 acEtcaa^ ^pt. atEa&EM£it t 

Hfc««SnfcE»W*«^aa3Rd:t*ttC 

[fj§9i©I¥*ffl&15i9l] 
[0 0 0 1] 

•5. 
[0 0 0 2] 

[«*©aEHf] SBl«E»©**flEfl:te#t», 

tWi { *6 6nt^5. «ifi, D i e ny £7 
V\L=l- • B (Physical Review B ) , %A 
3#, *H», 1 2 9 7~1 3 0 0^-yl:ISiO r$fc 
mi4#BKtc*JltSg^:fi8«gfii^j (Giant Magnet 
oresistance in Soft Ferromagnetic Multilayers ) © 
J:-5fc2H©«ttJB**«ttjnf»«L. -^©fiSttJi 
(CKSftttttS^&©^A/W TX^^Sr01»nT-5*ffi^ 
#g££nfc. C©£flKtt— M©tttta©J»£ft<8fri%: 

[0 0 0 3] 

a - • B (Physical Review B ) tCfB©©#@^lCtt, 
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5. VfrV. Fe-Mn^ililftlf^K, 
*14©ffi*l&N i -0&iS{b^©B^b^?S£tl£«tt# 

[0 0 0 4] #3g9§©BWtt» B&fttc^nfcJS^Sfc 
[0 0 0 5] 

v*>ntz2m<Dm&mt. 2m<DM&m<Dm\zm?<E>n 
tc&m&mii. 2m<Dm&m<Dot,<D-j3<Dm&mizt& 

l T\,^m&m t *s £ <om \z \zKm&&mtm e 

nzztzjimv. *$m*%mtz>\zm.-?tz. 
[0006] g-mm&m^tzn* 

S*rtX&*M^ry Ffc^HT. £3$mttJf tt®<b#>£3£liJc 
LS«JC*f LT 2 KOlfl ± 0 fc&lMBKCigtt E> 

® Z £ \Z «fc -p TfltllB S «£>§J5£T?1* * d £ SrJItii 

[0007] -M(omm^K^m^m^<r)m\zmmv 
miz&MVT^z&mmzm^tcmm.m.in.m&wi'sy h 

tc&t^T, ^b^££l£#£T3iiSIJ:fett©K3£ifcttJi 
^BI^^^LfcS^e>^.T±f32JlOT^ttS<fc 

o <bm*m\zmi&Tz>. 2*>\z, ©®£fl£fi£-r&SB#© 
■/a±7,iz^Kf^mti>z£iz^o. &ntz®. 



[0 0 0 8] ^^tC, a«i«S©ra{CCo3R-&^, fisj 
X.«C o- 1 7 a t %P t-g-&7£<h*©Co-P t*-& 
Co-Cr-Pti^. Co-Cr-TaS^ 

[00 0 9] 

muni »-fb«ii*±j«»fr*Rai«ttJi*fflv»*ct 

S*JBI»£»J«Lfc»K!&>5J&T 2 Jf ©^14/1 i 0 feiS 

[0 0 10] £4K£«i0>m£ Co 

©iSSJH, fiSmStn:^^^^ Ftc^U^T^AVH^A"? 

d©»*» a&eft¥9£&Bcz>tti&af 

[0011] 

3xlO-5Pa, XA7^'J>^©ArJEEAtt0. 0 
2PatUc. R^JESa^tt. 0. 0 1~0. 0 

2 nm/ s <fc Uit» 

[0 0 12] Sf, Jt*«£LT\ 0 2 (a) tC^T«fc 
OtC, Si (1 0 0) *»6&5Sfi2 1-htC. 5 0 
nm©N i -OSttftft*&ft££&aH£j|2 2&*Jft 
$ e>tC-?-©JitC, 5. 0nm©Ni-20at 
%Fe^e&5«ttI2 3, fS2. 5nm(?Cui^ 
^•S#^14B2 4S.CJC^$5. 0nm©Ni-20at 
XFe«»6«:*«ttJi2 5«JH^«Mb^#JIR«»A 
Lfe. S^fi8it^2 2«, N i Oi)^ti^>i>-*fv h£ 

iz£^>xmti,T^2>*><D£mz.<bn2>-t)^ m.m,iti>m 

[0 0 13] ^(C. *JI*SW(C«fc?>^SiatLT. 0 2 
(b) (C^-r«tP»C, Si (10 0) ft>&tt££fi2 6 
±IC»S5. 0nraWNi-2 0at%FeA>^5 
i(4I2 7. JI3 2. 5nm©Cu*>f,&5#Iftl2 
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8£J£jj£bfc&, Onm©N i -2 0 a t%F 

e^f.ft5t(tI2 9&CW13 5 0 nraON i 

[0 0 14] T&fc)^ 02 (a) tC^-Tifc&Wcii^ 

j.T2g©BSffi^2 3, 2 5^o%>&m\zm^nx 
nftcatu 02 (b) \z^-f*$mw<D&mwk 

Ttt, K^attS 3 0 t££JUR£J*j&Lfc£4K 2 6*6 
JlX2Ji©fi&t£lf 2 7, 2 9J:Dt>a^llfc:»J*anT 
US. 

[0 0 15] 02 (a) RZfm2 (b) C*?MBt<Z) 
^fbffii8Sl£. ^ni3 (a) &tf0 3 (b) fcjj? 
t. ffts&y J i?l3 )V • Ufa- • B (Physical Review 
B) Kfcffi«;*nxtr>5«fc5»;:, E3&8ttJf £&bX<^ 

ttXfc#S£CS. cnfc#l/. E9l«ttJifc«bTlr>S 

tt{bKlE-r<&eifcP8 kA/mgg, 
J;0->7f bXU-5. B&&£i3ft&9flB£^7 KTtt. 

[0016] 03 (a) cjK-r«k3tc» it&mn&mm 

0 A/mT*5. cntCttU 03 (b) tC^-r<t5 

sttJKofin^a i 6 OA/mi, tt&w<D&mm~c<D 

ffl©l/2tC73:£. tk«09W#BSglr*5^T. E&EStt 

©•k-dcKSsn-s. -rato-s. 2®<Dssttg<oTS5tc 
tmzufimtfctb* ±&<Dwmizwihifi£.vz>. z\v>rc 

u #*5£0!i©#Jiffiixte, ¥mfcmBL±KLm&m&!» 

©S8a«tt»t*»4 3. 3%X&^fc. 
[0 0 17] ±S£O#jajR<0«]fiK:J:%ttttli<0fil«A 

©jSWi, lfrl4®<*:bXJP3 5. 0nmONi-16a 
t %F e- 1 8 a t %C o-&&£fflt^;fc ^6 

&mv>vm+>te. 02 (a) jc^-f#iii©^jfffiixtt8 

0 0A/mT$D, 0 2 (b) tC^-T«liiO*®IBTtt 
16 0A/mT^fc. £©<k5l;:> ±5E©£JilSI©#t 
i£lCJ:3mttJf ©«m73©gVite* N i - Fem. Ni 

- f e - c o <«n£ti«. 



[0 0 18] Sfc, ±^©»«^W«jgfcJ;^ett«© 

«EB7j©st>te. EgattttH£bT«©»fbiu*<&flin 
x*>ra«-e*s. «s©afcfl:«*Raiswt*r»tbTtt, 

Co-Of. Fe-O^. Ni-Co-OMi'*tfffl 
X€TS. b**U *-;Ha«©iiS^N i -OSBMHMtft 

* b«r>ESMBtt*mT»a. 
[0 0 19] @&KOT2] MKE©J;5tc. 02 (b) iz 

x> 02 (b) ic*-r#iai©#)i«i*fflfr»T«»«j/a* 

*«^*fp«b]t. f^^bfeflSaS*nS&m*^©»rffi« 

m&mnz^-r. a«i ltua, *7x*fflv>fc. a-^ 

7 7I12KI1 SS5. OnmOHf^Ufe. ~© 

*Sfll#3^*S. JP£ 5. 0 nm©N i - 2 0 a 

t %Fe£SB14Jil 3St;i 5£U J?£2. 5nm© 
C u &&m\Z.m 1 4 £ U J?S5 0nm©N i-O55 
5$attJll 6<tbfc. til 7£ttCu$JBfr>fc. 

[0020] *mmm<Dm%.t&ifi%}M:mi L <DftMzf n± 

X*«Tfc3*'<*. £t\ 04 (a) <D£o\Z. »«4 
l±l:/'5777l4 2 < SttI4 3, *Itti4 4, & 
fii4 5, &tfE9UBttJ|4 6eM3C8MbT£JHR€ 
Jgf£T£. j*Bttt-f ^->tf-AX/1 * * U >^ttlc J: 
9, £ltm ^nWDftftTfrofc. £-T\ E1MB& 

v>. zKDfctf). mmzfc&m&mi 6<D±izmm&]&f& 

-5. 

[0 0 2 1] as-T, 04 (b) \ZtkT£o\z. Etttttt 
14 6±fcl/^M4 7 ^fC, 04 

(c) ©<fc?K, -f*>*U>^R:±D» U-^M4 
7 ©tel^^^STS. 2? SIC, 04 (d) ©Jc5 

tiw4 8£*«4 i±\zm&mm-cmf&-rz>. 

*:<D'&. 04 (e) ©i5(C. U'v'X h 4 7 
C£fCj:oX^;xXhJi©^®&£f©*R§s*U m®4 
9 SAT. 

[0 0 2 2] C©«fc 5 bXf^iabfcfi8^fitfi^^ 

[6]X 1 8 0 A/m, BHtH*&&|flrP 6 0 A/mTJ5 0 . 
ttft&tAX^a 3 . 2%X*ofc. **JS^JX 

tnmni&^Au, Ag, a i &m^x*>mm<D&&iim 

6n5. b*b» ttttH£:bT3d]Sf|&JR«Alr^« 

[0 0 2 3] Sfc. *&160r?tt. /b77il2il 
X, Hf$ffll« ^RMtCH f S^jS^t-rs^flB! 

tt64Tftntf. ±i5S^iS0dt^©^^#f,n^. 

A''v77lWil/m Ti, Zr, Ta, N 

b. $«t*ti. ^ne.*^5i-fr-5^*w*b^. 
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AittSlfctt, ±T(D»MBH0>H f-Zr, H f — T 
i> 5Oat%K±0Hf^Mf-Nb, Hf-T 
a, 7 0at%Et±(DHf^Mf-Cr, Hf- 
V, Hf-Mo, Hf-W, Hf-Cu?^Mfffl 
-T^^T^So cmt Hf, Ti, Zr, Ta, 

iwtt^t, *©jtK»jsan**te»a*aft^ (1 

co 02 4] mKDmmmmo&mmtiisT. n 

i - O (5 0 nm) /N i -2 0 a t %F e (3. On 
m) /Co (2. Onm) /Cu (2. 5 nm) /Ni 
-2 0at%Fe (5. Onm) Ml^L ttft&tt 

i -O (5 0 nm) /N i-20at%Fe (3. On 
m) /Co (2. Onm) /Cu (2. 5 nm) /Co 
(0. 5nm) /N i -2 0 a t %F e (4. 5nm) 

ffittl^Ni-Fe/CoilTCufi 

tCoIICcfcS ffi >tt$K&KXfl# * WHS 

[0 0 2 5] CIHSM 3) 05 K»OTBfi**-r««ffi 

&. »S5. OnmtDHf^JfH* 

feo J?£ 5 . 0 nmcON i - 2 0 a t % F e £1 

)4I5 3RIX5 5iU i?£2. 5nm(0.CuS#Btt 
I54iU OnmtDN i -0*E»«tt»5 6 

tb/:. ti5 7l:ttGuSffl^&. 

[0 0 2 6] *^fi«J^affitrt^^^ %]K091 
iB«©:/n*XfcJ;D»J«TfS*. "rfcto^ 04 

(a) ©±5fc:WE5 i±fc:*HKft»ri6U 04 

(b) CD&o\Z^<D±\ZUi;xbm$:M&-?Z>o *b 

■«*^£KH^T-«*»T. 04 (d) 

S»H4 (e) fc«t^PtXtH«©yDt7TW 

[0 0 2 7] *%no»*Rtt. ^IKt 
■5, ««Att«ffc«»*lpJ"T?l 7 0A/m, BHtBSt^r 



^7 0 A/mTfeO, m»«trB6ft*tt3. 1 

[0 0 2 8] 4)06 *C«B#jg£ST»SUg 

ito A f 777i62f;H J|$5. OnmODHfSfflti 
&. Sfc* 5 . On mCDN i-20a t%Fe 
tt!6 3RZ*6 5. 2. 5nmOCu^#lftI6 
4, Jp£ 5 0 nmON i -0*S5*«tt»-6 6ilL 
ti6 7t:liCu^fflk £<5tC> li6 7tSS6 1 
tCORHc* 5. 0 nmCDCo- 1 7 a t %P 1 

[0 0 2 9] Co- 1 7 a t %P t j6*Sfc£l8teJB 6 8 
tt, 8 0 k A/m8*Ofi»At*TB«BM»T» 

"Tftto%— *ftf>Sffi 6 7, 6 7 Ste-Rj&lpJK/W 
^FfcL 3 0®±TcoS^m-^tCA + ;|/^/\^-tf>y<x^ 

ifti6 3tc»t* s/^-r Txa^HJaitCcfco, mas 
[0030] **ifi«-ett. ^7xss 6 1 »aa u >^ 

$nt^^^^ ^7Xl«6 1^'J>^tlTt>* 

-Pt. Co-Cr-Pt, Co-Cr&tW$L 

[0 0 3 1] CSSifi«5] N i O (50 nm) /N i - 
F e (3 0 nm) &#F e - 4 0 a t %Mn (5 0 n 
m) /Ni-Fe ( 3 0 nm) <D 2SMCD 2 
Lfc. ^n^0 2HT(4, N i -Fe^CK 

[0 0 3 2] Cltl&<Z>2JllRSrjaaf6 OIC, IS9 0% 

&«teJi#^£KJB:ft<iftSi* N i -F e&&&lz3£ 

»J5rr*Ci:#*T*£. 
[0 0 3 3] H7fcWftttKI»«)IS***-r. coil: 
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Z>£, 15 0 ONFP^tC43^TfcS3^fiSttB«^$n 

[0034] c^ss^a 6 ) ^wvmm.mmzkm^* 
o-%&ft : $:V)misfz$mm-T?&z>. A l 2O3 • T i C£ 

S7 7(D±(:, Xyl-^U>yi£TNi-2 0at%F 
e^f,!S;5y-;PKI7 2 £0j5£Lfc Q ->-;Uh*g 
72CD)Ki9«l. v-*Kl7 20±(C 

XAV^'J ^S^ciOJlffO. 1 jum(DA 1 2O3 A> 
^fc-S^^Jl^PJB&bfclg, 04tC^Lfc:/n-feX 
fC<fcD#JI®«igirt5?MIIBl7 i&tf®iS7 8frt>fs.z>m 
MStrCSft^^Sr^fiKLfe. #11 ^Jgiag&jllJgl 7 1 £ 
bTli. N i -O (5 0 nm) /N i - 2 0 a t %F e 

(3. Onm) /Co (2. 0 nm) /Cu (2. 5n 
m) /Co (0. 5 nm) /N i-20at%Fe 

(4. 5nm) /Hf (5. Onm) SfflUfc. Sit. 
tl7 8l;li C r/Cu/C r/Co- 1 7 a t %P 

Jf cd h 7 y filmic A-r TTMm-^i BWnU a;i^ a 

«IRIMH:2. Oum-Tf*^,, $&, £H8«&tt3MMK 
7 1 OS (ffiMSftglEflcff ®&tt&ffl<Z)53) tt. 1 . 

7^I5Mlfct, 1. 0 um 

<£>KiP£*rf 2>N i - 2 0 a t %F eia&fr'bfc&i/— 
;i/HS7 3£Jg5£bfc. JJU:, JE'<fcS54i-*«W^'\^ h* 

[0 0 3 5] jp$*53 MmCOA 1 2O3 

irrvzrm&wfcv fc&, ts»h 7 5 . ±&mm 7 6 

175. ±§BfiB^7 6 fctt, 7,rty5")>>f&rCWf$.\s 
ifcJBIJP3. 0/tmfflNi-20a t%Fe^Sffl^ 
it. THP68S7 5RtK±gl5m^7 6©^©*^ •yT'JiK 
It X/Vy?'J>^STMltif 0. 2wmCDAl 
2O3 Srfflt^/t. W( )V7 4l;liif 3 AtmcDCuSr^ 

[0 0 3 6] Sfc. BjlAy h'f£«:7nir;iO!)0MF&£ 
C0I@££TfTO*:&, fiBSt'Vy HIC4 0 0 kA/m© 

ea^f-r. 2 3 or, 1 oftmommm&fr^, n i - 



j«<*:B©fe^[SltLfc. N i -OSIMI 

[0 0 3 7] ^±SE^fc«l3irofi8m^-y FTB»W£0fc 
1 0 7 A/ cm!i Lfc. K«H«0>«ligC9N i - F e 
ttB^SrittSbiTctil^ *36WO«a^y H»4, 3. 

*13. 

[0 0 3 8] 02 (a) K*TJtt£fflCD#Jf ffilS: 

CtUi, 02 (a) »'^-T«:t!<ffl©#B^©«fi8^^i« 

£*rr, \&-h$Lm\z\zm.tfw.mznufr-Dtc* z. 
[0 0 3 9] 02 (a) tz^tttigtm<D^mm^mmv 

fcl»A5»Ht. 02 (b) fc*T*JMBfiS*f ** 

[0 0 4 0] 09 (a) tC, 02 (a) tC^-TJtilEfflCD 
©i:#Ae.ns„ 02 (a) K^Tit«fflco^BKtt« 

e^j^iisii,, zwrztb, mm&momTfflzcomom 
&mjj*tm&mf, m.'&moyh^v^m^^wzn^rT, 

&±&\zM<Dm¥t-j3faizmtisTi*2>mm*TW-c& 

[0 04 1] 09 (b) \Z. 02 (b) IC^T^SMSr 
*^J:5I', ^#Sr^t$-e-TfeSJEro^t:«XA-X 

T&o. A*;i/^A>?if>/'f Xttigj^^n^t,^ c:n 
«. 02 (b) iz*?m&e>&mmtfi&^&mti&ti 

BUfn bfc fci* <h#A 6*1-5. 
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[0042] mmm 1 1 mmm 6 -em^ttsmow. 
Sft8ii:n m-gmTmm.0. 7 5T®co-Ni- 

P t - Ta^!5^)S;5m4I^c. timXdM&fo 
8 1 l£IK«a8 2 KioTlHlfclSf&SnS. K 
8 3<7>iBS^-y VWfvZWXtS um. 
h?y2r.Mtt2jim&l,£. i^yKSSli 
8 4 IC«fcoTlHl»i^i&$tlT^ie®^ 8 1±©h7 
v**S«TS-5. h*8 3K:J:.5i^gM^?:£«^• 

^ifBi^?'^^i^^I^l^l^S^8 5t?5itiSn5. 
[0 0 4 3] m.%s\y F 8 3 {Cffl^fc^Sfcx^^ 

«^3^cDffi^^-rfc«6. £&fC. 

-e^s. *3m<Dmm.^v fhu ^jc; iGb/ i n2 

S. 1 OGb/i n2£UCDfB&35«£;rrSfi8 

[0 0 4 4] 

H£ll*SB4t'>>? 

[01] *^0^©-SISSC»J{cJ:S^MStn:^^O« 
jit^^t" #rffi0. 
[0 2] *^B^©#B^SCXitliffl©#e)^©«lifi** 



13] 02 \zm-?*mw<D&MimRzfitmm m^mm 



[04] ^m<Dmm.m,in.^m^<D^m^a±7,^ 

"T0. 

[0 5] *^^G)fi6cf)^SSC«)^J:sa*Sta3aim^© 

[0 6] ^BJcDffiCDHSg^JlCi^Sa^Sit^^© 
«it^^-T»rjii0. 
[0 7 ] N i OgSBttli F e -Mn S^&R&fifctt 

[0 8] ^Woa^Sta^**^^^^^,^^ H 

[0 9] BJinfi8#fC^^a^-> h*<D«JEE^fb**-r 



[010] amtBSts^^e©«tBS0 

11, 2 1, 2 6, 4 1, 51, 61 
1 2, 4 2, 5 2, 6 2— Ay^rJl 

13, 1 5, 2 3, 2 5, 27, 29 
3, 55, 63, 65, 6 8 —M&m 

14, 24, 28, 44, 54, 6 4— #HBttJI 
4 6, 5 6 
6 7, 7 8 



7 7 -S« 



4 3, 4 5, 5 



1 6, 
1 7, 
4 7- 
4 8- 
7 1 • 
7 2, 
7 4- 
7 5- 

7 6- 

8 1 • 
8 2- 
8 3- 
8 4- 
8 5- 



2 2, 3 0, 
4 9, 5 7, 

7 3-->-;PHB 



6 6-&.mt&.m 



[05] 



[06] 




53 52 51 



63 62 68 61 
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PURPOSE: To obtain a structure of a multilayered 
magneto-resistance effect element for which an oxide 
antiferromagnetic material is used. 
CONSTITUTION: This magneto-resistance effect type 
head is constituted by using multilayered films, of which 
one layer of magnetic layer is impressed with the 
exchange bias magnetic field from the antiferromagnetic 
layer and one layer of the magnetic layer is not 
impressed with the exchange bias magnetic field from 
the antiferromagnetic layer, as the magneto-resistance 
effect material. The antiferromagnetic layer 1 6 
consisting essentially of an oxide and having high 
corrosion resistance is formed on the side further from 
two layers of the material layers 13, 15 viewed from a 
substrate 1 1 formed with the multilayered films. Further, 
electrodes 17,17 are formed after the antiferromagnetic 
layer of the part to be formed with the electrodes is 
removed. Then, the magneto- resistance effect element 
exhibits a high sensitivity and excellent soft magnetic 

characteristics. The high-performance magnetic head advantageous for a high- density 
magnetic recording and reproducing device is obtd. when this element is combined with an 
induction type magnetic head. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] A two-layer magnetic layer prepared on a substrate, and a non-magnetic layer 
prepared between said two-layer magnetic layers, It consists of multilayers containing an 
antiferromagnetism layer contacted and prepared in one magnetic layer of said two-layer 
magnetic layers. Said antiferromagnetism layer is a multilayer magneto-resistive effect film which 
uses an oxide as a principal component and is characterized by being prepared in a far side 
rather than said two-layer magnetic layer to said substrate, and not preparing an 
antiferromagnetism layer between a magnetic layer which does not touch said 
antiferromagnetism layer, and said substrate. 

[Claim 2] Multilayers containing an antiferromagnetism layer contacted and prepared in one 
magnetic layer of a substrate, a two-layer magnetic layer separated by non-magnetic layer, and 
these two-layer magnetic layers, Are a magneto— resistive effect mold arm head equipped with an 
electrode of a pair, and said antiferromagnetism layer uses an oxide as a principal component, 
and is prepared in a far side rather than said two-layer magnetic layer to said substrate. It is the 
magneto-resistive effect mold arm head which an antiferromagnetism layer is not prepared 
between a magnetic layer which does not touch said antiferromagnetism layer, and said 
substrate, but is characterized by an electrode of said pair touching a layer of said multilayers 
other than an antiferromagnetism layer at least. 

[Claim 3] Multilayers containing an antiferromagnetism layer contacted and prepared in one 
magnetic layer of a substrate, a two-layer magnetic layer separated by non-magnetic layer, and 
these two-layer magnetic layers, It is the magneto-resistive effect mold arm head characterized 
by being a magneto-resistive effect mold arm head equipped with an electrode of a pair, and for 
said antiferromagnetism layer using an oxide as a principal component, preparing it in a far side 
rather than said two-layer magnetic layer to said substrate, and said antiferromagnetism layer 
not existing in the direction of a substrate normal of an electrode of said pair. 
[Claim 4] Multilayers containing an antiferromagnetism layer contacted and prepared in one 
magnetic layer of a substrate, a two-layer magnetic layer separated by non-magnetic layer, and 
these two-layer magnetic layers. It is the magneto-resistive effect mold arm head characterized 
by being a magneto-resistive effect mold arm head equipped with an electrode of a pair, and for 
said antiferromagnetism layer using an oxide as a principal component, preparing it in a far side 
rather than said two-layer magnetic layer to said substrate, and said multilayers not existing in 
the direction of a substrate normal of an electrode of said pair. 

[Claim 5] Multilayers containing an antiferromagnetism layer contacted and prepared in one 
magnetic layer of a substrate, a two-layer magnetic layer separated by non-magnetic layer, and 
these two-layer magnetic layers. Are a magneto-resistive effect mold arm head equipped with an 
electrode of a pair, and said antiferromagnetism layer uses an oxide as a principal component, 
and is prepared in a far side rather than said two-layer magnetic layer to said substrate. An 
electrode of said pair is a magneto-resistive effect mold arm head characterized by being in 
contact with said multilayers in a laminating end face of said multilayers. 
[Claim 6] A magneto-resistive effect mold arm head of claim 2-5 characterized by forming a 
magnetic layer which consists of a Co system alloy between an electrode of said pair, and a 
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substrate given in any 1 term. 

[Claim 7] A magneto-resistive effect mold arm head characterized by including multilayers 
prepared on a substrate by carrying out the laminating of the antiferromagnetism layer which 
uses a buffer layer, a magnetic layer, a non-magnetic layer, a magnetic layer, and an oxide as a 
principal component in this sequence, and an electrode of a pair prepared so that it might have a 
portion in contact with a laminating end face of said multilayers on said substrate. 
[Claim 8] A magneto-resistive effect mold arm head characterized by forming a magnetic layer 
which consists of a Co system alloy between an electrode of said pair, and a substrate including 
multilayers prepared on a substrate by carrying out the laminating of the antiferromagnetism 
layer which uses a buffer layer, a magnetic layer, a non-magnetic layer, a magnetic layer, and an 
oxide as a principal component in this sequence, and an electrode of a pair prepared so that it 
might have a portion in contact with a laminating end face of said multilayers on said substrate. 
[Claim 9] Said antiferromagnetism layer is the magneto-resistive effect mold arm head of claim 
2-8 characterized by being a nickel-O system antiferromagnetism layer given in any 1 term. 
[Claim 10] Said multilayers are the magneto-resistive effect mold arm heads of claim 2-9 
characterized by being inserted between two-layer magnetic-shielding layers, and being prepared 
given in any 1 term. 

[Claim 11] The compound-die magnetic head characterized by preparing combining a magneto- 
resistive effect mold arm head according to claim 1 0 and the induction type magnetic head 
equipped with a magnetic pole and a coil of a pair which were combined magnetically. 
[Claim 12] A magnetic recorder and reproducing device characterized by including a driving 
means which drives relatively magnetic-recording data medium, the magnetic head given in any 1 
term of claims 2-10, and said magnetic-recording data medium and said magnetic head, and a 
record regenerative-signal processor connected to said magnetic head. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
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1 This document has been translated by computer. So the translation may not reflect the original 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the magneto-resistive effect mold arm head and 
magnetic recorder and reproducing device using the multilayer magneto-resistive effect film 
which has a high magneto-resistive effect, and its multilayer magneto-resistive effect film. 
[0002] 

[Description of the Prior Art] In connection with the densification of magnetic recording, the 
material in which high sensitivity is shown as a magneto-resistive effect material used for the 
magnetic head for playback is called for. Recently, the two-layer magnetic layer was separated 
by the non-magnetic layer like "the giant magneto-resistance in soft magnetism 
multilayers" (Giant Magnetoresistance in Soft Ferromagnetic Multilayers) of the physical review 
andB by Dieny and others (Physical Review B), the 43rd volume, Mo. 1, and a 1297-1300-page 
publication, and the method of impressing the exchange bias magnetic field from an 
antiferromagnetism layer to one magnetic layer was devised. Since these multilayers have the 
thin thickness of much more magnetic layer, its demagnetization factor when forming a magneto- 
resistive effect element is small, and, for this reason, they show a magneto-resistive effect by 
the low magnetic field. Moreover, magnetic-reluctance variation is also large. 
[0003] 

[Problem(s) to be Solved by the Invention] The antiferromagnetism layer which consists of a Fe- 
Mn system alloy is used for multilayers given in the above-mentioned physical review and B 
(Physical Review B). However, a Fe~Mn system alloy reduces the reliability of the magneto- 
resistive effect element corrosion resistance is bad and using it. Then, instead of a Fe-Mn 
system alloy, it is possible as an antiferromagnetism material to use oxide system 
antiferromagnetism materials, such as a corrosion resistance outstanding nickel-0 system oxide. 
However, soft magnetic characteristics deteriorate and the magnetic layer formed on the oxide 
system antiferromagnetism layer reduces the sensitivity of a magneto-resistive effect element. 
Then, if an oxide system antiferromagnetism layer is formed on a magnetic layer, the soft 
magnetic characteristics of a magnetic layer will improve, but an oxide system 
antiferromagnetism layer cannot pass sense current, even if electrical resistivity is high and 
forms an electrode on multilayers. 

[0004] The purpose of this invention is to offer high sensitivity magneto-resistive effect mold 
arm head and magnetic recorder and reproducing device using the high sensitivity multilayer 
magneto-resistive effect film excellent in corrosion resistance, and its multilayer magneto- 
resistive effect film. 
[0005] 

[Means for Solving the Problem] A two-layer magnetic layer prepared on a substrate as a result 
of this invention person's etc. repeating research wholeheartedly about a multilayer magneto- 
resistive effect film, It consists of multilayers containing a non-magnetic layer prepared between 
two-layer magnetic layers, and an antiferromagnetism layer contacted and prepared in one 
magnetic layer of the two-layer magnetic layers. By being characterized by for an 
antiferromagnetism layer using an oxide as a principal component, preparing it in a far side rather 
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than a two-layer magnetic layer to a substrate, and not preparing an antiferromagnetism layer 
between magnetic layers and substrates which do not touch an antiferromagnetism layer It came 
to complete a header and this invention for excelling in corrosion resistance and a multilayer 
magneto-resistive effect film with good soft magnetic characteristics being obtained. 
[0006] As a result of repeating research wholeheartedly about a magneto-resistive effect mold 
arm head which has various structures where multilayers were used, this invention persons 
Moreover, a substrate, In a magneto-resistive effect mold arm head equipped with multilayers 
containing an antiferromagnetism layer contacted and prepared in a two-layer magnetic layer 
separated by non-magnetic layer, and one magnetic layer of them, and an electrode of a pair An 
antiferromagnetism layer uses an oxide as a principal component, and is prepared in a far side 
rather than a two-layer magnetic layer to a substrate. An antiferromagnetism layer is not 
prepared between magnetic layers and substrates which do not touch an antiferromagnetism 
layer, but an electrode of a pair came to complete a header and this invention for the ability of 
said purpose to be attained by being characterized by being in contact with layers other than an 
antiferromagnetism layer at least. 

[0007] What is necessary is to remove a part of oxide system antiferromagnetism layer, and just 
to form an electrode, in order to contact and prepare an electrode of a pair in layers other than 
an antiferromagnetism layer. That is, it has a non-magnetic layer which separates a two-layer 
magnetic layer and them, and in a magneto-resistive effect mold arm head using multilayers in 
contact with an antiferromagnetism layer, one magnetic layer looks at an antiferromagnetism 
layer of high corrosion resistance which uses an oxide as a principal component from a substrate 
in which multilayers were formed, and forms it in a far side rather than the above-mentioned 
two-layer magnetic layer. Furthermore, an electrode is formed after removing an 
antiferromagnetism layer of a portion which forms an electrode. By forming according to such a 
process, a magneto-resistive effect mold arm head which shows high sensitivity and outstanding 
soft magnetic characteristics is obtained. 

[0008] Furthermore, a magneto-resistive effect mold arm head with few Barkhausen noises can 
be obtained by forming a high coercive force layer which consists of Co~Pt system alloys, such 
as Co system alloy, for example, a Co-1 7at%Pt alloy etc., a Co-Cr-Pt system alloy, a Co-Cr— Ta 
system alloy, etc. between a substrate and an electrode. Moreover, in order to use the above- 
mentioned magneto-resistive effect mold arm head for a magnetic recorder and reproducing 
device, it is desirable to combine the induction type magnetic head. 
[0009] 

[Function] Corrosion resistance can be raised by using the antiferromagnetism layer which uses 
an oxide as a principal component. Moreover, the soft magnetic characteristics of a magnetic 
layer improve by seeing an antiferromagnetism layer from the substrate in which multilayers were 
formed, and forming in a far side rather than a two-layer magnetic layer. After removing the 
antiferromagnetism layer of the portion which forms an electrode, it becomes possible by forming 
an electrode to pass sense current to multilayers. 

[0010] Moreover, the Barkhausen noise which it becomes possible to impress a bias magnetic 
field to the magnetic layer which constitutes multilayers, consequently is easy to produce on a 
magneto-resistive effect mold arm head can be controlled by forming the high coercive force 
layer which consists of a Co system alloy between a substrate and an electrode. Moreover, by 
combining the above-mentioned magneto-resistive effect mold arm head and the induction type 
magnetic head, the desirable high performance magnetic head can be obtained to high density 
magnetic recording, consequently the engine performance of a magnetic recorder and 
reproducing device improves remarkably. 
[0011] 

[Example] The example of this invention is given to below, and it explains still more concretely, 
referring to a drawing. 

[Example 1] The multilayers which show cross-section structure were formed in drawing 2 using 
the ion beam sputtering method. The ultimate vacuum set 3x10 to 5 Pa, and Ar pressure at the 
time of sputtering to 0.02Pa. Moreover, film formation speed was made into 0.01 - 0.02 nm/s. 
[0012] As an example of a comparison, as shown in drawing 2 (a), first, on the substrate 21 
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which consists of Si (100) The antifeiromagnetism layer 22 which consists of a nickel-O system 
oxide with a thickness of 50nm is formed. Furthermore on it, the multilayers which carried out 
the laminating of the magnetic layer 25 which consists of nickel~20at%Fe with the magnetic layer 
23 which consists of nickel-20at%Fe with a thickness of 5.0nm, a non-magnetic layer [ 24 ] 
which consists of Cu with a thickness of 2.5nm, and a thickness of 5.0nm one by one were 
formed. The antiferromagnetism layer 22 was formed using the target which consists of NiO. 
Although it is thought that the presentation ratio of nickel and oxygen is changing with 
sputtering, since it can be used as an antiferromagnetism material in multilayers if the layer of a 
nickel-O system oxide shows antiferromagnetism at a room temperature even if a presentation 
ratio changes, it is satisfactory. 

[0013] As multilayers by this example, as shown in drawing 2 (b), next, on the substrate 26 which 
consists of Si (100) After forming the magnetic layer 27 which consists of nickel-20at%Fe with a 
thickness of 5.0nm, and the non-magnetic layer 28 which consists of Cu with a thickness of 
2.5nm, The multilayers which carried out the laminating of the antiferromagnetism layer 30 which 
consists of a magnetic layer 29 which consists of nickel-20at%Fe with a thickness of 5.0nm, and 
a nickel-O system with a thickness of 50nm one by one were formed. The antiferromagnetism 
layer 22 was formed using the target which consists of NiO like said example of a comparison. 
[0014] That is, in the example of a comparison shown in drawing 2 (a), the antiferromagnetism 
layer 22 is seen from the substrate 21 in which multilayers were formed, and is formed in the 
near side rather than the two-layer magnetic layers 23 and 25. On the other hand, in the 
multilayers of this example shown in drawing 2 (b), the antiferromagnetism layer 30 is seen from 
the substrate 26 in which multilayers were formed, and is formed in the far side rather than the 
two-layer magnetic layers 27 and 29. 

[0015] The magnetization curve of the multilayers shown in drawing 2 (a) and drawing 2 (b) is 
shown in drawing 3 (a) and drawing 3 (b), respectively. The abrupt change of magnetization arises 
near a zero magnetic field by the flux reversal of the magnetic layer which is not in contact with 
an antiferromagnetism layer as indicated by said physical review and B (Physical Review B). On 
the other hand, since the magnetic layer which is in contact with the antiferromagnetism layer 
has received the exchange bias magnetic field from an antiferromagnetism layer, the magnetic 
field which carries out flux reversal has shifted it from 8kA/about m, and a zero magnetic field. In 
the magneto-resistive effect mold magnetic head, the flux reversal of the magnetic layer which 
is not in contact with an antiferromagnetism layer detects an external magnetic field. For this 
reason, the magnetic properties of the magnetic layer which is not in contact with an 
antiferromagnetism layer are important. 

[0016] As shown in drawing 3 (a), in the multilayers of the example of a comparison, the coercive 
force of the magnetic layer which is not in contact with an antiferromagnetism layer is 320 A/m. 
On the other hand, as shown in drawing 3 (b) f in the multilayers of this example, the coercive 
force of the magnetic layer which is not in contact with an antiferromagnetism layer is set to 
one half of the values in 160 A/m and the multilayers of the example of a comparison. In the 
multilayers of the example of a comparison, the cause by which the coercive force of the 
magnetic layer which is not in contact with an antiferromagnetism layer becomes high is guessed 
as follows. That is, an antiferromagnetism layer is beforehand formed in the lower part of a two- 
layer magnetic layer. Since this antiferromagnetism layer has thick thickness, irregularity 
produces it on the surface of the upper part. For this reason, the surface smoothness of the 
magnetic layer formed on the antiferromagnetism layer falls, and it is thought that the coercive 
force of a magnetic layer becomes high. On the other hand, by the multilayers of this example, in 
order to form a magnetic layer on a flat substrate, the surface smoothness of a magnetic layer 
improves and is considered that outstanding soft magnetic characteristics are shown. 
Incidentally, the magnetic-reluctance rate of change of the multilayers of the example of a 
comparison was 3.5%, and the magnetic-reluctance rate of change of the multilayers of this 
example was 3.3%. 

[0017] The difference in the coercive force of the magnetic layer by the structure of above- 
mentioned multilayers was still greater when a nickel-1 6at%Fe-1 8at%Co alloy with a thickness of 
5.0nm was used as a magnetic layer. That is, the coercive force of the magnetic layer which is 
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not in contact with an antiferromagnetism layer was 800 A/m in the multilayers of the structure 
shown in drawin g 2 (a), and was 1 60 A/m in the multilayers of the structure shown in drawin g 2 
(b). Thus, the difference in the coercive force of the magnetic layer by the structure of above- 
mentioned multilayers is widely observed by the magnetic material of a nickel-Fe system and a 
nickel-Fe-Co system. 

[0018] Moreover, even if the difference in the coercive force of the magnetic layer by the 
structure of above-mentioned multilayers uses other oxide systems as an antiferromagnetism 
layer, it is the same. As other oxide system antiferromagnetism materials, a Co-O system, a Fe- 
O system, a nickel-Co-O system, etc. can be used. However, a nickel-0 system oxide with high 
Neel temperature is the most desirable antiferromagnetism material. 

[0019] [Example 2] As mentioned above, the multilayers of the structure shown in drawing 2 (b) 
are excellent in soft magnetic characteristics. Then, the magneto-resistive effect element was 
produced using the multilayers of the structure shown in drawing 2 (b). The cross-section 
structure of the produced magneto-resistive effect element is shown in drawing 1 . Glass was 
used for the substrate 1 1. Hf with a thickness of 5.0nm was used for the buffer layer 12. This 
buffer layer 1 2 has the work which raises the soft magnetic characteristics of multilayers further. 
Moreover, nickel~20at%Fe with a thickness of 5.0nm was used as magnetic layers 13 and t5 f Cu 
with a thickness of 2.5nm was used as the non-magnetic layer 14, and nickel-O with a thickness 
of 50nm was used as the antiferromagnetism layer 1 6. Cu was used for the electrode 17. 
[0020] The production process of the magneto-resistive effect element of this example is 
described below. First, like drawing 4 (a), on a substrate 41, the laminating of a buffer layer 42, a 
magnetic layer 43, a non-magnetic layer 44, a magnetic layer 45, and the antiferromagnetism 
layer 46 is carried out one by one, and multilayers are formed. Membrane formation was 
performed on the same conditions as an example 1 by the ion beam sputtering method. Here, the 
antiferromagnetism layer 46 has high electrical resistivity in order to use an oxide as a principal 
component. For this reason, sense current cannot be passed even if it forms an electrode on the 
antiferromagnetism layer 46 simply. So, in this example, an electrode is formed according to the 
following processes. 

[0021] First, as shown in drawing 4 (b), the resist layer 47 is formed on the antiferromagnetism 
layer 46. Next, ion milling removes a portion without the resist layer 47 like drawing 4 (c). 
Furthermore, an electrode material 48 is formed with vacuum deposition on a substrate 41 like 
drawing 4 (d). Then, like drawing 4 (e), by removing a resist 47, only the electrode material on a 
resist is removed and it leaves an electrode 49. 

[0022] Thus, when the magnetic properties of the produced magneto-resistive effect element 
were measured, coercive force was 60 A/m in 180 A/m and a hard direction of magnetization in 
the direction of a magnetization easy magnetic domain, and magnetic-reluctance rate of change 
was 3.2%. In addition, although Cu was used as a non-magnetic layer in this example, the same 
result is obtained, even if it replaces with Cu and uses Au, Ag, and aluminum with low electrical 
resistivity. However, when using 3d transition metals as a magnetic layer, as for the viewpoint of 
matching of a Fermi surface with a magnetic layer to a non-magnetic layer, it is desirable that it 
is Cu. 

[0023] Moreover, in this example, although Hf was used, if it is the nonmagnetic alloy which uses 
Hf as a principal component substantially as a buffer layer 1 2, the same effect as the above- 
mentioned example will be acquired. Moreover, as a buffer layer material, Ti, Zr, Ta, Nb, or the 
alloy that makes these a principal component is desirable. Specifically, alloys, such as Hf-Zr of 
all presentation ranges, Hf-Ti, Hf-Nb containing Hf beyond 50at%, HfHTa, Hf-Cr containing Hf 
beyond 70at%, Hf-V, Hf^Mo, Hf-W, and Hf^Cu, can be used. This is because the soft magnetic 
characteristics which were excellent even if the magnetic layer formed on it became strong (111) 
orientation and the magnetic layer was thin are obtained, when Hf, Ti, Zr, Ta, Nb, or the alloy that 
makes these a principal component is used as a buffer layer material. 

[0024] Moreover, as multilayers of the cross-section structure of drawing 1 , when nickel-O 
(50nm)/nickel-20at%Fe(3.0nm)/Co(2.0nm)/Cu(2.5nm)/nickel-20at%Fe (5.0nm) was used, 
magnetic-reluctance rate of change became high with 4.8%, and the sensitivity of a magneto- 
resistive effect element improved. Similarly, when nickel-O(50nm)/nickel-20at%Fe(3.0nm)/Co 
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(2.0nm)/Cu(2.5nm)/Co(0.5nm)/nickel-20at%Fe (4.5nm) was used as multilayers of the cross- 
section structure of drawing 1 , magnetic-reluctance rate of change became still higher with 
6.0%. This is considered because the high magnetic-reluctance rate of change by the soft 
magnetic characteristics and Co layer which were excellent in nickel-Fe can be used for 
coincidence by preparing Co layer in an interface with Cu layer by making a magnetic layer into 
nickel-Fe/Co. 

[0025] [Example 3] The magneto-resistive effect element which shows cross-section structure 
to drawing 5 was produced. Glass was used for the substrate 51. Hf with a thickness of 5.0nm 
was used for the buffer layer 52. Moreover, nickel-20at%Fe with a thickness of 5.0nm was used 
as magnetic layers 53 and 55, Cu with a thickness of 2.5nm was used as the non-magnetic layer 
54, and nickel-O with a thickness of 50nm was used as the antiferromagnetism layer 56. Cu was 
used for the electrode 57. 

[0026] The magneto-resistive effect element of this example can be formed according to the, 
same process as an example 1. That is, multilayers are formed on a substrate 51 like draw ing 4 
(a), and a resist layer is formed on it like drawing 4 (b). And when removing the multilayers of a 
portion without a resist layer, multilayers are not removed completely but it leaves a part. Then, 
if an electrode 57 is formed in the process shown in drawing 4 (d) and drawing 4 (e), and the 
same process, the magneto-resistive effect element of this example will be obtained. 
[0027] Fundamentally, the multilayers of this invention can pass sense current, if an electrode 
contacts multilayers electrically. Namely, what is necessary is to remove only the 
antiferromagnetism layer (insulating layer) of a portion without a resist, and just to form an 
electrode on the exposed magnetic layer (conductive layer). However, since the end point judging 
in milling is difficult, it is not realistic to remove only an antiferromagnetism layer, and some 
multilayers other than an antiferromagnetism layer will be removed in fact. Moreover, even if it 
removes not only multilayers but some substrates, the effectiveness of this invention is not 
spoiled. When the magnetic properties of the magneto-resistive effect element of this example 
were measured, coercive force was 70 A/m in 1 70 A/ m and a hard direction of magnetization in 
the easy direction of magnetization, and magnetic-reluctance rate of change was 3.1%. 
[0028] [Example 4] The magneto-resistive effect element which shows cross-section structure 
was formed in drawing 6 . Glass was used for the substrate 61. Hf with a thickness of 5.0nm was 
used for the buffer layer 62. Moreover, nickel-O with a non-magnetic layer [ 64 ] and a thickness 
of 50nm was used [ nickel-20at%Fe with a thickness of 5.0nm ] as the antiferromagnetism layer 
66 for Cu with a magnetic layers [ 63 and 65 ] and a thickness of 2.5nm. The magnetic layer 68 
which consists of Co-17at%Pt with a thickness of 5.0nm between an electrode 67 and a 
substrate 61 was further formed in the electrode 67 using Cu. Film formation was performed by 
the same method as the above-mentioned example. 

[0029] The magnetic layer 68 which consists of Co-17at%Pt is a high coercive force material in 
which the coercive force of 80 kA/m degree is shown. This high coercive force layer was 
prepared in order to impress a bias magnetic field in the truck cross direction of a magnetic layer 
63, i.e., the direction to which the electrodes 67 and 67 of a pair are connected. Except that 
there were not the magneto-resistive effect element of this example and the magnetic layer 68 
of high coercive force, it produced respectively at a time 30 magneto-resistive effect elements 
for a comparison which have the same structure as the magneto-resistive effect element of this 
example, and reproducing characteristics were investigated. Consequently, it was only five pieces 
that the Barkhausen noise generated the element for a comparison which does not have the 
magnetic layer 68 of high coercive force with the element of this example to the Barkhausen 
noise having been accepted in all 30 regenerative signals. Thus, the Barkhausen noise of a 
magneto-resistive effect element was able to be controlled by impression of a bias magnetic 
field to a magnetic layer 63. 

[0030] In this example, although milling of the glass substrate 61 is not carried out, even if milling 
of the glass substrate 61 is carried out, it does not spoil the effectiveness of this invention. 
Moreover, other high coercive force materials can also be used as a magnetic layer 68. The 
material in which high coercive force is shown by film thickness is desirable, and Co system alloy 
has many such materials. As a Co system alloy, Co-Ta-Pt, Co-Cr-Pt, Co-Cr, etc. are desirable. 
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[0031] [Example 5] Two kinds of two-layer films, NiO(50nm)/nickel-Fe (30nm) and Fe-40at%Mn 
(50nm)/nickel-Fe (30nm), were formed. By each two-layer film, the exchange bias magnetic field 
from an antiferromagnetism layer is impressed to a nickel-Fe system alloy. 

[0032] The corrosion resistance test which sets these two-layer films by the environment of the 
temperature of 60 degrees C and 90% of humidity was performed. If an antiferromagnetism layer 
is completely corroded by the corrosion resistance test, an exchange bias magnetic field will no 
longer be impressed to a nickel-Fe system alloy. Therefore, the rate that the antiferromagnetism 
layer was corroded can be measured by comparing the exchange bias magnetic field before a 
corrosion resistance test with the exchange bias magnetic field after a trial. 
[0033] The result of a corrosion resistance test is shown in dr awin g 7 . In this drawing, when the 
ratio of the exchange bias magnetic field before and behind a trial is 1.0, it is shown that an 
antiferromagnetism layer is not corroded at all. Moreover, when the ratio of the exchange bias 
magnetic field before and behind a trial is 0, it is shown that the antiferromagnetism layer was 
corroded completely. Like drawing 7 , if a Fe-Mn system alloy is used as an antiferromagnetism 
layer, an antiferromagnetism layer will corrode in the test time of 1 250 hours, and an exchange 
bias magnetic field will become zero. On the other hand, if NiO is used as an antiferromagnetism 
layer, an antiferromagnetism layer will not be corroded 1500 hours after and an exchange bias 
magnetic field will not change. NiO is desirable as an antiferromagnetism layer material which is 
excellent in corrosion resistance and is used for a multilayers magneto-resistive effect element 
so that clearly from this test result. 

[0034] [Example 6] The magnetic head was produced using the magneto-resistive effect element 
of this invention. The structure of the magnetic head is shown below. Drawing 8 is the 
perspective diagram which cut a part of record playback discrete-type arm head by this 
example. The sintered compact which uses aluminum 203 and TiC as a principal component was 
used as the substrate 77 for sliders. On the substrate 77, the shield layer 72 which consists of a 
nickel-20at%Fe alloy by the sputtering method was formed The thickness of the shield layer 72 
could be 1 .0 micrometers, the shield layer 72 top — the sputtering method — aluminum 203 of 
0.1 micrometers of thickness from — after forming the becoming gap layer, the magneto- 
resistive effect element which consists of a multilayer magneto-resistive effect film 71 and an 
electrode 78 according to the process shown in drawing 4 was formed. As a multilayer magneto^ 
resistive effect film 71, nickel-O(50nm)/nickel-20at%Fe(3.0nm)/Co(2.0nm)/Cu(2.5nm)/Co 
(0.5nm)/nickel-20at%Fe(4.5nm)/Hf (5.0nm) was used. Moreover, the material of the multilayer 
structure of Cr/Cu/Cr/Co-17at%Pt was used for the electrode 78. Co system alloy was used for 
some electrodes for impressing a bias magnetic field crosswise [ of a magnetic layer / truck ], 
and controlling a Barkhausen noise, as said example 4 described. In this example, an electrode 
spacing is 2.0 micrometers. Moreover, the width of face (normal lay length of a magnetic- 
recording data-medium side) of the multilayer magneto-resistive effect film 71 is 1.0 
micrometers. Furthermore, after forming an above-mentioned gap layer and the same gap layer, 
the shield layer 73 which consists of a nickel-20at%Fe alloy which has 1 .0-micrometer thickness 
by the sputtering method was formed. As mentioned above, the described portion works as the 
reproducing head. 

[0035] next, aluminum 203 with a thickness of about 3 micrometers from — after forming the 
becoming gap layer, the recording head which consists of the lower magnetic pole 75, an up 
magnetic pole 76, and a coil 74 was formed. The nickel-20at%Fe alloy of 3.0 micrometers of 
thickness formed by the sputtering method was used for the lower magnetic pole 75 and the up 
magnetic pole 76. aluminum 203 of 0.2 micrometers of thickness formed in the gap layer 
between the lower magnetic pole 75 and the up magnetic pole 76 by the sputtering method It 
used. Cu of 3 micrometers of thickness was used for the coil 74. 

[0036] Moreover, after performing all production processes, such as polishing of a magnetic-head 
production process, in the magnetic field of 400 kA/m, 230 degrees C and heat treatment for 10 
minutes were performed, and the sense of the exchange bias magnetic field of a nickel-O system 
antiferromagnetism layer was made into the direction of a normal of a magnetic-recording data- 
medium side at the magnetic head. Moreover, the sense of the exchange bias magnetic field of 
an antiferromagnetism layer of the easy direction of magnetization of the magnetic layer which is 
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not in contact with a nickel-O system antiferromagnetism layer is a direction which intersects 
perpendicularly. 

[0037] The record playback experiment was conducted by the magnetic head of the structure 
described above. The sense current passed for a magneto-resistive effect element is 2x107 
A/cm2. It carried out. When [ which used the nickel-Fe monolayer of the almost same 
structure ] magnetic-head production was carried out and the magnetic head and the output of 
this invention were measured, the magnetic head of this invention showed the 3.2 times higher 
playback output. Since the multilayers which show a high magneto-resistive effect were used for 
the reproducing head of this invention, this is considered. 

[0038] Moreover, although the output was high like the magneto-resistive effect mold arm head 
of this invention when the magnetic head which prepared the high coercive force material layer 
of Co system in the electrode lower part was also produced using the multilayers for a 
comparison shown in drawing 2 (a), the Barkhausen noise was observed very frequently. 
Moreover, distortion was observed by the output wave. Since the coercive force of the 
multilayers for a comparison shown in draw ing 2 (a) is high, this is considered. On the other hand, 
with the magneto-resistive effect mold arm head of this invention, the Barkhausen noise was not 
observed frequently and distortion was not observed by the output wave. By the magnetic head 
of this invention, since the nickel-O system antiferromagnetism layer is formed in the upper part 
of multilayers, this is considered because the coercive force of a magnetic layer is low. 
[0039] In order to observe still more clearly the difference in the property of the magnetic head 
which used the multilayers for a comparison shown in drawing 2 (a), and the magnetic head of 
this invention which has the multilayer structure shown in drawin g 2 (b), the electrode of the pair 
which prepared Co system alloy layer in the lower part was prepared in the multilayers of each 
structure, the magnetic head was produced, the magnetic field from Helmholtz coils was 
impressed to each magnetic head, and output voltage change was measured. A Barkhausen noise 
tends to generate this method rather than it detects the signal of actual magnetic-recording 
data medium, and it can be said at that point that it is a severe experiment- 

[0040] The result about the magnetic head which used the multilayers for a comparison shown in 
drawing 2 (a) for drawing 9 (a) is shown. As shown in drawing, the portion from which voltage is 
changing rapidly to a magnetic field is observed. This is considered to be based on a Barkhausen 
noise. The multilayers for a comparison shown in dra w in g 2 (a) have high coercive force. For this 
reason, even if it prepares the high coercive force material of Co system in the bottom of an 
electrode material and impresses a bias magnetic field crosswise [ of a magnetic layer / truck ], 
it is thought that a Barkhausen noise was not able to be inhibited. However, the cause of 
changing to the whole in the negative direction of a magnetic field has the unknown field where 
electric resistance changes. 

[0041] The result about the magnetic head which used the multilayers shown in drawing 2 (b) for 
drawing 9 (b) is shown. Even if it changes a magnetic field so that clearly from drawing, change of 
voltage is smooth and a Barkhausen noise is not accepted. Since the multilayers of the structure 
shown in drawing 2 (b) have low coercive force and the bias magnetic field was impressed further 
crosswise [ of a magnetic layer / truck ], this is considered. 

[0042] [Example 7] The magnetic disk drive was produced using the magnetic head of this 
invention stated in the example 6. The schematic diagram of the structure of a magnetic disk 
drive is shown in drawing 10 . The material which consists of a Co~nickel-Pt-Ta system alloy of 
residual magnetic flux density 0.75T was used for magnetic-recording data medium 81. The 
rotation drive of magnetic-recording data medium 81 is carried out by the mechanical 
component 82. The width of recording track of the recording head of the magnetic head 83 set 
the width of recording track of 3 micrometers and the reproducing head to 2 micrometers. A 
rotation drive is carried out by the mechanical component 84, and the magnetic head 83 can 
choose the truck on magnetic-recording data medium 81 by it. The record regenerative signal by 
the magnetic head 83 is processed by the record regenerative-signal processor 85. 
[0043] Since the magneto-resistive effect element used for the magnetic head 83 shows the 
element about 3 times the output of a magneto-resistive effect which used the conventional 
permalloy monolayer, its width of recording track is still narrower, and it can also produce a 
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magnetic disk drive with high recording density. Especially the magnetic head of this invention is 
1 Gb/in2. It is effective in the magnetic recorder and reproducing device which has the above 
recording density. Moreover, 10 Gb/in2 To be indispensable is considered by the magnetic 
recorder and reproducing device which has the above recording density. 
[0044] 

[Effect of the Invention] According to this invention, the magneto-resistive effect mold arm head 
which shows high sensitivity and outstanding soft magnetic characteristics is obtained. 
Furthermore, a magneto-resistive effect mold arm head with few Barkhausen noises can be 
obtained by forming the high coercive force layer which consists of a Co system alloy between a 
substrate and an electrode. Moreover, the high performance magnetic head advantageous to a 
high density magnetic recorder and reproducing device can be obtained by combining the above- 
mentioned magneto-resistive effect mold arm head with the induction type magnetic head. 



[Translation done.] 
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